With the advent of sophisticated space facilities we discuss the overall nature of some biological questions that can be addressed. We point out the need for broad partici-" pation by the biological community, the necessary facilities, and some unique requirements.
INTRODUCTION
, suggests that gravity may also exert its most profound effects at these times.
Furthermore, the effects of gravity and microgravity on life span as well as seed-to-seed and generation-to-generation morphological and functional evolution need to be addressed.
THE NEED FOR CONTROLS
Biological research is complex since, at all levels, from a single cell to entire organisms, there are so many interacting, mutually dependent subsystems. Such research depends heavily on the elimination of interfering variables by conducting appropriate controis. This is particularly and overwhelmingly true in the spaceflight scenario.
Delay between loading and experiment and inflight access, lift-off forces, need for remotely controlled manipulation, re-entry forces, and delay in accessing experimental specimens postflight are all unique and difficult to control variables. For example, microgravity-induced alterations of the immune system have been reported. However, inflight samples from animal species have yet to be obtained or analyzed. It is now increasingly evident that acute immune responses can be measured in humans following postural change or exercise so that differences in pre-and postflight data may be accounted for by reentry and landing events.
Similarly, inflight human evidence may be due to microgravity or to the confinement of spaceflight or some other environmental variable, which, so far, has not been controlled.
The requirement for an onboard centrifuge to provide a 1 g simultaneous control could reduce much of the ambiguity present in many past studies. Of course, centrifugation may well introduce new and unexpected variables. The validity of a conclusion that a particular biological phenomenon is, indeed, due to gravity or its absence is one not only where all possible other explanations have been systematically eliminated, but also where the phenomenon can be demonstrated in multiple species, including humans.
FACILITIES
What do we need to conduct such research? At the very least, continuity and the ability to conduct repeated experiments in the same laboratory are required.
The Soviet Cosmos unmanned biological satellite program, which launched multispecies experiments approximately every two years since 1972, has proven the value of such an approach.
As we become more sophisticated in the use of artificial intelligence for inflight, remotely controlled manipulation of payloads, an unmanned, recoverable, freeflying untended platform that exposes specimens to prolonged periods of microgravity (e.g., greater than 60 days) could form the bread and butter of a biological sciences program. It is clear, however, that such an unmanned satellite could never replace the need for a human-tended, permanent, Earth orbiting laboratory. Such a laboratory should make it possible to study, on orbit, significant numbers and varieties of experimental specimens, with appropriate 1 g controis and the capability for observation, intervention, and testing. It does not have to be elaborate, but it is essential if gravitational biology is to move forward away from simple parametric observations.
CONCLUDING REMARKS
The history of biological science (as well as all science, for that matter) is replete with examples of discovering deep and profound new knowledge upon gaining control of a primary physical variable, viz. light, momentum, sound, chemistry, and radiation, to mention but a few. There is every expectation the same will be true for gravity since now, for the first time in history, we can "control" or manipulate accelerations to less than the equivalent of 1 g.
The questions raised in this paper are but a few examples. It is up to the biological scientific community to harness their creativity towards this exciting research frontier.
The facilities to conduct the research are expensive and complicated, yet some are already available to our nation's scientists; better ones will become available in the not-too-distant future. Support for biological research in space will happen only if the scientific community strongly believes, as we do, in its value and potential. Together we can capture the imagination of the public and persuade them of the benefits.
The laboratories in space will always be a scarce and expensive commodity; we must make sure that as scientists we are selective and apply the highest scientific rigor to experimental design and data interpretation.
On our part, we at NASA must develop a way to simplify procedures for enabling science to be conducted in space. A broad foundation of ground research, addressing specifically these questions, needs to be developed and nurtured before the jump to flight is made.
Ground and flight scientific programs are inexorably intertwined and although ground facilities exist, the community to support a space laboratory is inadequately small. The reality of experimental control of gravity is within the reach of biologists; using this opportunity properly, we will reap new and exciting insights into life. With such insights we will be able to make intelligent and efficient advances as humankind con-
